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In a recent paper,Arking (1963) has derived the global
distribution of clgﬁd cover by the analysis.of'TIROS IIX video
pictures. 1In Fig. 7 (Curve 1) is plotted the latitudinal dis-
tribution of average daytime percentage cloud cover as obtained

by Arking for the period of July 12, through September 10, 1961.

" In the present study’ we attempt; using these data and the

simultaneous radiation mzasurements by TIROS III, to derive the

average latitudinal distribution of cloud top heights and thence
the nighttime cloud cover. Curve 2 in Fig. .7 shows the resulting

percentage cloud cover during the night as a function of latitude.

TIROS INFRA-RED DATA |

The radiation instrumentation in TIROS and the physical
significance of this experimént have already been described by

several authors (Bandeen et al., 1961, Nordberg et al., 1962).

Three of the five channels of the TIROS radiometer measure
terrestrial radiation in the far infra-red corresponding to wave-
lengths between 5.8 - 6.5 u, 8 ~ 12 u, and 7 - 30 u. The other

two channels record the solar radiation in the visible, as reflected
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by the earth, to obtain an esﬁimate of the albedo of any'region.
The wavelengths of the infra-réd qhannels have been cﬁosen sO as
to provide information on the temperature at different levels of
the atmosphere and.to give an estimate of the total outgoing radia-

tion in the infra-red.

In this discussion we shall only be concerned with Channel

2, sensitive in the 8 - 12 u region of the infra-red.

- The main absorber of infra-red radiation in the earth's
atmosphere is water vapor. The absorption coefficient, however,
varies considerably with wavelength between 4 and 50 y, where

almost all the energy of the terrestrial radiation is confined.

'In the 8 - 12 M spectral intervéi the absorption by water
vapor and also by C02, the other.important absorber of the infra-
red radiation, is at its minimum. Consequently, in the absence
of clouds, Channel 2 of the satellite radiometer, measuring in
this atmosphefic “window, " records energy originating from very
near the ground corresponding to an effective témperature only
~ 5 = 10 9K less than the ground temperature (Wark, Yamamoto,

Lienesch, 1962, Prabhakara and Rasool, 1963).
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Reasonably thick ciouds, however, are pfactically opaque, to
infra-red radiation of wavelengths > 4 u (Shiffrin 1961). &As
there is very little water vapor above, and assuming that the

albedo of the clouds in the far infra-red is negligible} the

radiometer in_the presence of thick clouds will record energy
corresponding to the cloud top temperature. This may be as much

as 40 - 50 °K lower than the surface temperature.

If, theréfore, for any given instant, both the TIROS measured
temperatures in this "window" channel and the actual surface temp-
eratures are availéble, then knowing the lapse rate in the atmos-
phere, a quick estimate of cléud height.can be obtained.' On the
other hand, on a climatological basis, if the satellite-measured
temperatures for a given region are averaged over a séason, then
the departure of this temperature from the observed ground temp-
erature will be mainly dependent on three variables -- cloud
amouht, cloud height, and water vapor distribution in the atmos-

phere.

As menti
tively small, and from our knowledge of climatélogical distribution

of the water vapor over the globe, its effect on the temperatures



can be accounted for.

The stroﬁg effect of clouds on the TIROS III measured

témperatures in the "window" channel is demonstrated by Figure 1.

In this figure areAplotted the regional and temporal averages
of the temperaturés measured by Chénnel 2 of TIROS III duringlday-'/
£‘m¢ (0600 = 1800 hours Local Time) for the period of July 12,
through September 10, 1961. The inclination of the TIROS orbit
being ~ 48°, the measurements for the polar regions’are not

available.

The surface of the earth between 50° N and 50° 8 has been
divided into 10° latitude X 10° longitude grid, and all measufe—
‘ments taken by the satellite in each grid at nédir angle < 25°
and between local time 0600 and 1800 hours have been averaged for
the period mentioned above. ' In most cases there are > 500 ob-

servation points per grid.

The very dark shades correspond to high radiation intencities
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with effective temperatures ranging above 290 ©K. The lightest

shades correspond to temperatures of the order of 240 ©K. ' The two



triangular areas, which are diagonally opposite and comprise a
part of South America and Southern Siberia, have been left blank
because of the unavailability of the telemetry from the TIROS for

these regions.

Several interesting features are revealed by examining this
figure. (1) The relatively cold tempe#ature belt near the equa-
tor probably éorresponds to the high cloudiness usually observed
in the equatorial region. (2) The subtropicalvbelt in each of -
'the hemispheres show relatively higher temperatures and, theréfore,
probably less cloudé than in thé equatorial regions. (3) Ex-
tremely low temperatures measured over East Pakistan and India
imply a heavy cloud cover over theée regions which is, in all
probability, the monsoon activity in this season. An almost qugsi-
éérmanent cloua cover over central Africa is also indicated from
this diagram.’

[ ‘L

This is supported by comparing Figure 1 with Figure 2 in which
!aLe_plotted thé global distribution of cloud cover, also in a lO°>

b4
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and Austin (1944). 1In figure 2, the darkest shades correspond to

20% cloudiness, and the lightest to 70% cloudiness. _The.agreement.
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in the main features of ;he two figures is striking, except that
the TIROS III measured extremely high temperathres over South
Pacific indicating a relatively clear area, while the climatology

had ignored it.

DEDUCTION OF CLOUD HEIGHTS AND CLOUD COVER

Although it is interesting to note the resemblance between
figures 1 and 2, the actual derivation of cloud amounts from the

TIROS radiation data is fairly involved.

As mentioned earlier, several factors, viz, cloud amount,
cloud height, surface temperature, vertical distribution of water
vapor and of temperature, influence the ’effective' temperatures
measured by the satellite. By the method described below we have,
“however, attempted to separate the effect of these parameters in
order to obtain a reasonable estimate of cloud height from TIROS

radiation data.

Using €
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.of surface temperature (Haurwitz and Austin, 1944), the latitudinal

variations in the vertical distribution of temperature (Davis,'l962,



.London, 1957), the total amounts of water vapor and ozone and
their vertical distributions, we have constructed ten different
model atmospheres which.correspond to the ten latitudinal belts

between 50° N and 50° S for the months of July and August. -

The radiation flux in the 8 - 12 u region, which would be
emitted froﬁ such atmospheres, was then calculated following a
method described in an earlier paper (Prabhakara and Rasool, 1963).
The flux values thus calculated give the black body témperatures

TIROS will observe above these atmospheres if the atmosphere were

conpletely cloudless. Similar calculations were then repeated
assuming the presence of thick clouds at various altitudes and
of varying proportions. The clquds are assumed to be completely
opaque to the far infra-red and the radiation is emitted only

from the top of the cloud.

In Figures 3 and 4 the results obtained for two such model
atmospheres are shown; The family of five curves show the difference
(AT) between the surface temperature‘and the effective black body
temperature observed by the satellite in the presencé of different

amounts of cloudsllocated at altitudes of 2,'3, 4, 5, or 6 kms.



The intersection point of theée curves with the ordinate in Figure
3 is at 12.5 ©K. This indicates that in a hot and humid atmosphere,
even in complete absence of clouds, the satellite would observe an
effective temperature about 12 °K lower than the surface tempera-
ture. In Figure 4 is shown another extreme case, this time of a
dry and cold atmosphere where the AT, in the absence of clouds,

is only 4 °K.

If, therefore, for any given region, one has an estimate of
surface temperature, the amount of water vapor in the atmosphere
and of the percentage cloud cover, then with such a family of
curves, combined with the ?IROS radiation data of thg "window"
channel, one can derive an approximate value for the effective

height of the cloud tops.

.In order to determine the latitudinél distribution of the
effective cloud heights for the months of July and August 1961,
we calculate the following parameters for each 10° latitudinal

+

belt between SQO N and 50° s.

The satellite~observed témperatures in the window" channel
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are averaged separately for day and for night for the period

July 12 through September 10, 1961.

The latitudinal means of day and night surface temperatures
for the same period were determined from the Monthly Climatic
Data of the World (U.S. Weather Bureau): supplementing these data
by climatological estimates of Haurwitz and Austin (1944) for the

oceanic regions.

The difference (AT) between the mean surface temperatures
and the average effective temperatures measured by the TIROS
Channel 2 in each latitudinal belt is plotted in Figure 5 separately

for day and for night.

Latitudinal averages of daytime percentage cloud cover for

the same period given by Arking (1963) are shown in Figure 7 (curve 1).

Now with both the AT and percentage cloud cover being known
for daytime, we can use our nomograms (e.g. figs. 3 and 4) to
determine the average daytime cloud height for each latitudinal

belt. The heights thus deduced are plotted as a function of latitude



in Figure 6.

If we assume that on an average, cloud heights deriﬁed from
the daytime measurements are also valid for the night, we can now
use the AT values for the night (Fig. 5) and the heights plotted
in Figure 6 to determine the nighttime cloud cover as a function

of latitude.

The resulting latitudinal distribution of the nighttime

cloud cover is plotted as Curve 2 in Figure 7.

A comparison of the day and night curves immediately shows
that in the southern hemisphere, which is largely oceanic, the
percentage cloudiness is much higher at night than during fhe day.
In the northern hemisphere, on the other hand, the nocturnal
nebulosity could be as low as ~ 20% for the latitudes of 20° to
40°, |

These results.are based on the debatable assumption that,
on an average, for a given latitudinal belt the cloudftop heights
do not change from day to night. In case this assumption is not

correct, our results would then indicate that, ‘in order to have
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the same amount of cloudiness for both day and night, the cloud
heights in the Southern hemisphere should be 2 to 4 km higher at
night than in the daytime, and lower by 1 to 3 km in the Northern

hemisphere.

Similar analysis of the TIROS radiation data can also be
made to determine the longitudinal as well as latitudinal disL,
£leution of nighttime cloud cover, but it requires more detailed
information on thé global distribﬁtiog of surface témperatures .
and water vapor amounts and the possible variations in the

emissivities of land areas (Beuttner 1963). Such calculations

are in progress and will be published separately.
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FIGURE CAPTIONS

Global distribution of average temperatures measured
by TIROS radiometer Channel 2 for the ‘period July 12,
through September 10, 1961. Darkest shade, T > 295 ©K,
lightest shade, T < 255 ©K.

Global distribution of average cloud cover for July
(after Haurwitz and Austin, 1944). Darkest shade
-- cloud cover > 70%, lightest shade -- cloud cover
< 20%. .

AT as a function of percentage cloud cover with cloud
tops at various altitudes. AT is the difference between
the average surface temperature and the equivalent black
body temperature measured by the TIROS III, Channel 2.

A case of hot and humid atmosphere.

Same as fig. 3 -- A case of cold and dry atmosphere.
AT as a function of latitude -- for day and for night.

Effective cloud top heights deduced from the daytime
observation of TIROS III as a function of latitude.

Curve 1. Déytime average percentage cloud cover for

the period July 12, through September 10 as a function
of latitude. After Arking.

Curve 2. Nighttime average percentage cloud cover for

the same period deduced from TIROS window channel data.
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